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Summary. — R e l a t i v e l y  h i g h  levels  of  a n t i b o d y  t o  h u m a n  enteric  
coronavirus-l ike part ic les  w e r e  detected  i n  t h e  sera  f r o m  r u r a l  
Abor ig ines  in A u s t r a l i a .  L e v e l s  w e r e  genera l ly  m u c h  lower  i n  
t h e  sera  f r o m  u r b a n  Aborig ines,  a n d  e x t r e m e l y  l o w  t o  not  de ­
t e c t a b l e  i n  t h e  s e r a  f r o m  E u r o p e a n s .  A n t i b o d y  t o  co ronav i rus -
l ike  pa r t i c l e s  w a s  also d e t e c t e d  i n  t h e  s e r a  f r o m  r u r a l  b l a c k s  
f r o m  S o u t h  A f r i c a ,  i n  t h e  s e r a  f r o m  I n d o n e s i a  a n d  N i u e ,  a n d  
also poss ib ly  i n  t h e  s e r a  f r o m  r u r a l  v i l lagers  f r o m  P a p u a  N e w  
G u i n e a ,  b u t  i n  t h e  l a t t e r  case  a t  o n l y  v e r y  l o w  level .  
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Introduction 

T h e  w o r k  of  G e r n a  et al. (1985)  a n d  R e s t a  et al. (1985)  h a s  con f i rmed  t h e  
ini t ia l  finding o f  Cau l  et al.. (1975)  a n d  e s t ab l i shed  t h e  ex i s t ence  of  h u m a n  
en te r i c  co ronav i ruses  r e sembl ing  t h e  classical co ronav i ruses .  H o w e v e r ,  t h e r e  
h a v e  b e e n  n u m e r o u s  o t h e r  r e p o r t s ,  p r i o r  t o  a n d  s ince  these ,  of  t h e  f r e q u e n t  
obse rva t i on  in  s tools  of  coronavi rus- l ike  pa r t i c l e s  (CVLPs)  a p p a r e n t l y  
morphologica l ly  d iss imi lar  t o  t h e  classical co ronav i ruses  ( M a c N a u g h t o n  a n d  
Davies ,  1981; S c h n a g l  et al., 1987), a n d  t o  t h e  t o rov i ru se s  (Schnagl  et al., 
1987). T h e  causa l  assoc ia t ion  of  s u c h  pa r t i c l e s  w i t h  h u m a n  disease  h a s  y e t  
t o  b e  e s t ab l i shed .  P a r t i c l e s  of  t h i s  t y p e  h a v e  o f t e n  b e e n  o b s e r v e d  t o  b e  
e x c r e t e d  a s  f r e q u e n t l y  o r  e v e n  m o r e  f r e q u e n t l y  b y  i nd iv idua l s  w i t h o u t  
d i a r rhoea  w h e n  c o m p a r e d  t o  t h o s e  w i t h  i t  (Schnag l  et al., 1979; M c N a u g h t o n  
a n d  D a v i e s ,  1981; S i t b o n ,  1985). 

Characterization o f  these  particles has  proved difficult main ly  due  t o  their  
inability t o  b e  grown in culture, except  in perhaps one  or t w o  cases (Caul 
and Egglestone,  1977; MacNaughton  a n d  Davies ,  1981). Recent ly  i t  w a s  s h o w n  
that  CVLPs  o f  this  t y p e  in Australia were n o t  coronaviruses or duodenal  
brush border vesicles (Schnagl  et al., 1987), b u t  w h a t  t y p e  o f  infect ious agent  
they  might  be, or whether  t h e y  or other such  particles are i n  fac t  infect ious 
agents  has also still t o  be  determined.  However ,  some  support  for  t h e  con­
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federation of  such particles a s  infectious agents  has  been provided b y  Sehnag 
et al. (1980), witli their  finding of  a n  excellent correlation between t h e  e x  
cretion ra tes  of C V L P s  and t h e  serum ant ibody  levels t o  C V L P s  in t h e  po  
pulations t h e y  studied in Austra l ia .  

In this  report  we  ex tend  the  preliminary observat ions  of Schnagl  et al 
(l!)8(i) on the  prevalence of ant ibody  t o  C V L P s  in Austra l ia .  A s  well wi 
report  for  t h e  first t ime the  finding of serum ant ibody  t o  C V L P s  in Soutl 
Afr ica,  Indonesia, and  Niue, and  also possibly  in Papua  N e w  Guinea, althougl 
only a t  v e r y  low level in this  case. 

Materials and Methods 

Sera. Sera wore obtamed in 1986 from m i l e  and forr.alo Aborigines, l iving in essentially ru^a 
areas  throughout t ho s ta te  of Wes 'orn  Australia,  who had been referred to  the State  Healt] 
Service for  a var iety  of reasons. The individuals ranged in a g e  f rom 3 months to  76 years .  A 
well sera were obtained from Europeans from towns throughout Western Austral ia  who hat 
also boon referred to the S t a t e  Health Service in 1986. Generally randomly collected sera wer 
also obtained from male and female Aborigines and Europeans from urban areas of several  sta4: 
capital cities of Austráliu. Those were colleciod botwoen 1983 and 1988 and the  c.jes of the indi 
viduals  ranged from 2 months to 73 y«v.rs, wi .h  t h e  Aborigines a n d  Europeans  being ago- an< 
sox-matched.  

T h e  South  African, sera tes ted \w kindly provided b y  Professor B .  I). Schoub,  In s t i t u t e  f o  
Virology, Universi ty  of t h e  Wi twa 'o rs rand ,  Johannesburg .  T h e y  were collected in 1985 fron 
black individuals ranging in ago f rom 8 m o n ' h s  t o  76 years ,  living i n  rural  a reas  rang ing  f ron  
Namib ia  t o  no r the rn  and  e a s  o rn  Transvaa l .  T h e  Indonesian sera were ob ta ined  th rough  t h  
courtosy of I)r  Ji. F .  Lis} o >, Depar tment  of Gastroenterology,  Roya l  Children's  Hospital  
Melbourne, Austral ia  a M d  wore collec'tod in 1978—1979 from individuals from v a r y i n g  socio 
economic backgrounds from the J o g j a k a r t a  area. The  individuals ranged in age from 2 month 
tí) 83 years  and a number of thom had been admitted to  hospital in J o g j a k a r t a  for  a var ie ty  o 
reasons. M. Domotraka'uK, Virology Laboratory, Fairfield Hospital, Melbourne, Austral ia,  kindl; 
supplied the  Niue sera, which came from individuals ranging in age  f rom 9 months to 17 y e a r  
and had been collected in 198?. The  Papua New Guinea sera were kindly provided b y  Dr. R .  San 
dors, Papua  Now Guinea Institute of Medical Research, Goroka. They had been collected in 198 
and 1982 from rural villagers ranging in age  from 4 to  75 years  from highland and lowland region 
of the Eastern Highlands Province. In all of the abovo cases approximately  equal numbers o 
sera wero obtained from males and females. 

Methods. For use in the determination of decoration antibody titres CVLPs were pur  i fie; 
a s  outlined previously (Schnagl et al.. 1987). Briefly, particles were first clarified b y  centrifuga^ioi 
at I,.300 x g for  20 min, and a f t e r  con*rifugation of the supcrnatants  at  100.090 x g for 1 h 
the resultant pellets were layered o n ' o  a 10 — 5 0 %  (v/v) angiografin (Schering AG, Berlin) gradien 
in phosphate buffered saline. The  gradients wore contrifuged at* 75,000 x g for 6 hr a n d  CVL3 
containing fractic i n  further  purified b y  cent rifugation in a 3 0 %  (v/v) glycerol/50% (w/w) potas 
siurn tar t ra te  continuous gradient at 150,000 x g for  17 hr. Such purified particles are  shown ii 
Fig. J. 

For the determination of serum antibody titres to  CVLPs the immune electron microscopi 
decoration method ou'lined previously (Schnagl et al., 1986) was  used. Briefly, a loopful o 

ľ i f f .  I. Highly purified preparation of CVLPs a s  used for immune electron microscopy fron 
a glycerol/potassiu'n tar t rate  gradient. Note the pleomorphic particles surrounded b y  char 
acteristically shaped surface projections or spikes. The thin s ta lks  of the surface projection 
are not readily visible on a number of the particles. 

ľi{f. 2. Antibody (decoration) from a serum sample covering the surface projections (spikos) o 
CVLPs. The  bars  represent 100 inn. 
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Table 1. Jtanjjes of antibody litres to CVLPs i n  sera f r o m  Austral ia.  
South Afr ica,  Indonesia. \ i u e  and  I'apua New Guinea 

Origin of sera  Range  of decoration antibody t i tres  
(Number tested) to  Central Austral ian CVLPs 

Austra l ia  
Rural  Aborigines from throughout 50—1000 
Western Austral ia  (25) 

Europeans from towns 
throughout Western Austral ia  (15) < 2 — 2  

Urban Aborigines from 
s t a t e  capital cities (25) < 2 — 1 0 0  

Urban Europeans from 
s t a t e  capital cities (31) < 2  — 5 

South Afr ica  
Rural  blacks from Namibia 5 — 2 0 0  
t o  Transvaal  (20) (10—500)* 

Indonesia 
From the J o g j a k a r t a  area  (41) 2 — 200 

Niue (Pacific Ocean) (20) 10—100 

P a p u a  New Guinea 
Rural  indigenous vil lagers from 
highlands and lowlands (50) < 2 — 1 0  

* Range  of t i tres  obtained using South African CVLPs for  the half of the  sera able  t o  be tested 
with these. 

purified CVLPs w a s  applied to  a formvar  and carbon coated electron microscope grid and the  
excess removed a f t e r  one minute. Before the  gr id had t ime t o  d r y  it  w a s  floated on 10 [xl o f  
appropriately diluted serum a n d  maintained in a humidifier a t  room temperature f o r  30 min. 
Excess  fluid w a s  then removed a n d  the  gr id stained for  electron microscopy with one tenth  sa tu ­
r a t ed  a m m o n i u m  molybda to .  T h e  decorat ion t i t r e  w a s  t a k e n  a s  t h e  reciprocal of t h e  highest 
di lut ion of s e r u m  a t  which a n t i b o d y  (decoration) w a s  found  t o  be  a t t a c h e d  t o  a t  least one  of 5 0  
o r  100 observed part icles  (Fig.  2). 

Results and Discussion 

The ranges o f  decoration antibody titres t o  CVLPs obtained w i t h  the v a ­
rious sera tested are shown in Table I. All o f  t h e  titres were obtained b y  
testing against CVLPs from Central Australia, except  in the case of  the  South  
African sera where (South African CVLPs were also used. 

Titres obtained with t h e  sera from rural Australian Aborigines from 
throughout Western Australia were similar t o  those obtained previously and 
since from Aborigines from Central Australia, generally well over 1,000 k m  
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t o  t h e  eas t  (Schnagl  et al., 1986; Schnag l  a n d  F o t i ,  1988, u n p u b l i s h e d  d a t a ) .  
Simi lar  t i t res  w e r e  o b t a i n e d  w h e t h e r  p u r i f i e d  Central  A u s t r a l i a n  o r  W e s t e r n  
A u s t r a l i a n  CVLPs,  w h i c h  p r o v e d  t o  b e  ant igen ica l ly  ident ica l ,  w e r e  u s e d .  
There  w a s  n o  d i f f erence  b e t w e e n  m a l e s  a n d  f e m a l e s  i n  t h e  p r e v a l e n c e  of h i g h  
a n d  l o w  titres, as  h a d  b e e n  f o u n d  p r e v i o u s l y  i n  Central  A u s t r a l i a  (Schnagl  
et al., 1986). I t  w a s  f o u n d  t h a t  a n t i b o d y  t i t res  t o  C V L P s  i n  sera f r o m  u r b a n  
A b o r i g i n e s ,  f r o m  t h e  severa l  A u s t r a l i a n  s t a t e  capi ta l  cities, w e r e  g e n e r a l l y  
v e r y  m u c h  l o w e r  t h a n  t h o s e  f r o m  t h e  r u r a l  A b o r i g i n e s  (Table  1). 

C V L P  a n t i b o d y  t i t res  i n  E u r o p e a n  sera w e r e  e i ther  e x t r e m e l y  l o w  o r  
there  w a s  n o  m e a s u r a b l e  t i t re  (Table  1). I n  f a c t  there  w a s  o n l y  o n e  s e r u m  f r o m  
a m o n g s t  t h e  46 s u c h  sera t e s t e d  w h e r e  a t i t re  o f  a b o v e  2 w a s  recorded,  a n d  
t h i s  w a s  a t i t re  o f  5. F u r t h e r  i t  i s  f e l t  t h a t  cons ider ing  t h e  concentrat ion  o f  
s e r u m  i n v o l v e d  t h a t  a t i t re  o f  2 i s  n o t  necessari ly  o n e  t h a t  c o u l d  b e  cons idered  
w i t h  conf idence  a s  b e i n g  p o s i t i v e  f o r  C V L P s  (Schnagl  et al., 1986). 

I t  h a s  b e e n  k n o w n  f o r  s o m e  t i m e  t h a t  C V L P s  w e r e  e x c r e t e d  b y  a s u b s t a n ­
tial percentage o f  individuals  i n  t h e  rural black populat ion o f  a t  least  s o m e  
areas o f  S o u t h  Africa including t h e  Transvaal  (Schoub, 1981). I t  w a s  there­
fore o f  interest  t o  t e s t  sera from rural S o u t h  African blacks  for t h e  presence 
of  ant ibody  t o  such particles i n  t h e  l ight  o f  t h e  results obtained w i t h  Austra­
lian Aborigines. Us ing  Central Australian CVLPs  t itres ranging from 5 — 200 
w e r e  o b t a i n e d  (Table  1), b u t  e n o u g h  S o u t h  A f r i c a n  C V L P s  ( f r o m  L e s o t h o )  
w e r e  a v a i l a b l e  t o  e n a b l e  h a l f  o f  t h e  S o u t h  A f r i c a n  sera t o  b e  t e s t e d  w i t h  
t h e m .  T h e  t i tres  t h u s  o b t a i n e d  w e r e  g e n e r a l l y  a p p r o x i m a t e l y  t w i c e  a s  h i g h  
as t h o s e  o b t a i n e d  w i t h  Central  A u s t r a l i a n  C V L P s ,  g i v i n g  a r a n g e  i n  t i t res  
o f  10 — 500. T h i s  finding o f  h i g h e r  t i t res  u s i n g  t h e  S o u t h  A f r i c a n  C V L P s  i s  
n o t  surpr i s ing  a s  t h e s e  C V L P s  h a d  p r e v i o u s l y  b e e n  s h o w n  t o  d i f f e r  ant igen ic ­
ally from t h e  Central Australian ones  (Schnagl  et al., 1987). 

Decorat ion ant ibody  t i tres  t o  CVLPs  i n  sera from individuals  f rom t h e  
Jogjakarta area o f  Indonesia ranged from 2 — 200 (Table  1). I t  is  u n f o r t u n a t e  
t h a t  I n d o n e s i a n  C V L P s  w e r e  n o t  a v a i l a b l e  t o  m o r e  c o m p l e t e l y  t e s t  t h e s e  
sera a s  t h e  t i t res  o b t a i n e d  w e r e  i n  a p p r o x i m a t e l y  t h e  s a m e  r a n g e  as  t h o s e  
o b t a i n e d  w i t h  t h e  S o u t h  A f r i c a n  sera a n d  Central  A u s t r a l i a n  C V L P s .  Higher,  
m o r e  i n d i c a t i v e  t i t res  m a y  h a v e  r e s u l t e d  f r o m  t h e  u s e  o f  I n d o n e s i a n  C V L P s .  
I t  i s  in teres t ing  t o  n o t e  w i t h  t h e  I n d o n e s i a n  sera t h a t  t h e  m a j o r i t y  g i v i n g  
h igher  t i t res  (of 50 — 200) w e r e  f r o m  females ,  11 o f  20, c o m p a r e d  t o  1 o f  21 
f o r  males .  

I t  h a d  p r e v i o u s l y  b e e n  f o u n d  t h a t  u p  t o  6 6 %  o f  i n d i v i d u a l s  o n  t h e  Pac i f i c  
i s l a n d  o f  K i r i b a t i  w e r e  excret ing  C V L P s  (R. D .  Schnagl,  u n p u b l i s h e d  d a t a ) ,  
a n d  a s  sera f r o m  K i r i b a t i  w e r e  n o t  a v a i l a b l e  i t  w a s  d e c i d e d  t o  t e s t  sera f r o m  
t h e  Paci f ic  i s l a n d  o f  N i u e .  L i v i n g  cond i t ions  o n  t h e  t w o  i s l a n d s  are v e r y  
similar.  U s i n g  Central  A u s t r a l i a n  C V L P s  a r a n g e  o f  t i t res  o f  10—100 w a s  
o b t a i n e d  w i t h  t h e s e  sera (Table  1), i n d i c a t i n g  a t  least  a m o d e r a t e  l e v e l  o f  
a n t i b o d y  t o  CVLPs,  espec ia l ly  w h e n  c o m p a r e d  t o  t h e  results  o b t a i n e d  w i t h  
sera f r o m  A u s t r a l i a n  E u r o p e a n s .  

C V L P s  h a d  p r e v i o u s l y  b e e n  f o u n d  t o  b e  excreted  b y  i n d i v i d u a l s  f r o m  t h e  
s a m e  p r o v i n c e ,  a l t h o u g h  i t  i s  n o t  k n o w n  i f  s o m e  o f  t h e s e  w e r e  f r o m  t h e  s a m e  
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vi l lages,  f r o m  w h i c h  t h e  P a p u a  N e w  G u i n e a  sera w e r e  o b t a i n e d  (R. F .  
B i s h o p ,  personal  c o m m u n i c a t i o n ) .  I n  t h e  l i g h t  o f  t h e  results  o b t a i n e d  w i t h  
t h e  A b o r i g i n a l  sera across Austra l ia ,  a n d  t h e  S o u t h  A f r i c a n  sera, i t  is  sur ­
prising t h a t  ant ibody titres t o  C V L P s  in the  P a p u a  N e w  Guinea sera were 
s o  low (Table 1). The  majority were < 2  or 2, wi th  on ly  a few being higher, 
u p  t o  10. Unfortunately  Papua N e w  Guinea CVLPs  were no t  available for 
test ing a s  it  would h a v e  been o f  interest t o  determine if there w a s  a substantial  
antigenic  difference between t h e  Papua  N e w  Guinea C V L P s  from t h e  areas 
under s t u d y  and t h e  Central Australian particles. 

With regard t o  the  ant ibody titres t o  CVLPs  in Australian sera it i s  again 
clear t h a t  in general b y  far t h e  highest t itres were ev ident  in the  population 
with t h e  highest  excretion rates for t h e  particles. The  excretion rates for 
C V L P s  in rural Australian Aborigines have  ranged u p  t o  8 5 %  (Schnagl  et al., 
1978; Schnagl  et al., 197!)), whereas excretion rates for such particles in 
Central Australian Europeans  have  ranged u p  t o  18% (Schnagl  et al., 1979), 
and in urban Europeans  were found t o  be  less than  1% (Schnagl  et al., 
1980). Further,  antibodies t o  C V L P s  have  n o w  been detected in Aborigines 
across Australia, not jus t  in one  specific area. I t  m a y  be  tha t  the  lower 
C V L P  ant ibody  levels  found in urban Aborigines very  possibly reflect their 
generally bet ter  l iving conditions.  

Ev idence  o f  antibodies t o  C V L P s  has  n o w  also been found in sera from 
several other  countries.  However,  it  is  clear that  caution m a y  be required in 
interpreting t h e  levels  determined if  only  a single source o f  CVLPs  is used 
in test ing sera from different countries. Lower titres could be  obtained a s  
a result o f  antigenic  differences between C V L P s  from different areas. Over 
all the  Australian and South African results d o  provide further support for 
t h e  consideration o f  the  C V L P s  dissimilar t o  the  classical coronaviruses 
a s  infect ious agents  or parts o f  infectious agents,  but  more definitive proof 
is still required. 
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